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SECTION I

INTRODUCTION

1.1 PROGRAH DESCRIPTION

Dome polarization characteristics have previously been studied by

others', but only in the context of narrow-band radar. Investigation was made

of the effects of array scan for various scan expansion factors K, with primary

attention directed to the polarization transfer characteristics of the dome for

linearly polarized plant waves. The study concluded WiLl) an Outline of feed

networks suitable for generating diverse polarizations, presenting loss budgets

and relative costs for particular networks.

When dome configurations are considered for other applications, it

is necessary to understand their polarization characteristics more fully. In

particular, functions such as ESM, ECM, and communications required wider bands

than the usual radar requirements studies by Sperry. The implementation of polar-

ization agility using multibeam feed arrays requires consideration of the following

factors:

.bth ti, dome ;ild Iveetl arra) mutst coiiLtain element types
cal,.ih lC ol covering otLaV' I v or g rea t'lr batidwitdLhis. Thi s
For's , l ecLricatly denst arrays in tht lowe r half of the
band. Special attention nmos t he given to the tight elemenL
coupling in both the feed array and dome.

2. The feed and polarization networks must be wide band.

3. Polarization interactions between the feed array and dome
must be reexamined in the context of large bandwidth and
high element density.

4. Rapid polarization agility is imperative in the EW context,

and represents an important topic for study.

I-"*i€or : Antenna, Phase [! Final ReporL," Sperry Gyroscope Division,
Ureat Neck, NY, Nov. 1972, Report No. S(;D-420I-O)70 (SECRET)



1.2 3-D DORE POLARIZATION STUDIES

1.2.1 INTRODUCTION

The 3-D dome allows wide-angle scanning over regions exceeding a

hemisphere. Feed arrays for dome applications are simplest if they provide a

fixed linear polarization. However, for such feed arrays, whether flat or curved,

the polarization incident oil the dome will vary with azimuth direction, resulting

in scan-dependent polarization characteristics. For example, a linearly polarized

feed array consisLilB of dipole temennts will provide vertic'l[ polariz ion Iot-

the plane containing the dipole axis, and horizontal polarization for the ortho-

gonal plane. For intermediate azimuth positions, the polarization will still

be linear, but rotating from vertical to horizontal and back again as azimuth

angle is varied. This situation may be circumvented by employing circular

polarization in the feed array, but this solution is restrictive and successful

only if polarization purity is maintained.

In general, system designs employing dome antennas require some speci-

fic polarization over the operating hemisphere. Furthermore, modern systems are

increasingly turning to polarization agility to accomplish their goals. Both

situations require that the feed array be capable of providing multiple polariza-

tions, perhaps with high switching rates between the various polarization states.

Previous analyses have shown that the dome will transmit any incident polarization

with essentially no change. The burden of providing polarization agility is there-

fore placed on the feed array.

One technique for generating multiple polarizations employs a crossed,

linear-array element 2 fed with some appropriate polarization selection circuit.

Many crossed (dual) linear elements may be employed, including crossed dipoles,

2 This approach was used in one Sperry dome. See Final Technical Report,
"Hemisphere Coverage Antenna", Contract DAAK 40-74-C-0334, Nov. 1978
(Confidential report).
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crossed slots, square or circular waveguide, etc. For this study, the crossed

slot was selected as representative of the polarization characteristics of dual

linear elements in general. An analysis has been conducted, with the results

programmed for computer. Computations of polarization state over the forward

hemisphere have been conducted for the element excited to produce right-hand

ci rcular polarization; the analyses and computed resutLos akre presenled below.

A discussion of the feed circuits capable of generating-multiple polarizations

is reserved for a later section.

1.2.2 ANALYSIS

Figure 1 shows a single slot element in the xy-plane with all para-

meters indicated. The electric field amplitude pattern for a single slot in an

infinite ground plane is given by Kraus 3 as:

= cos [(0/2)(cos a)] (1)

sill a

where a is the angle between the slot axis and the ray 01 to the tar-fieLd point.

Expressing the slot pattern in terms of spherical coordinates (0, 0),

denotes the inclination of the slot relative to = 00, and the unit vector in

the direction of the slot axis with *' orientation is given by:

al - rxcoso' + ysino' (2)

To represent a crossed-slot element, we required a second slot oriented 90 degrees

relative to the first. For the second slot, the tinit position vector is given by:

a 2 - roSino' + i7coso' (3)

3 Kraus, ,J.D. Antennas. IHcGraw-MIL Book Co., 1950, p. 358.

I
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Figure 1. Italf-Wavelength Sl~ot in XY-Piane

The unit vector in the direction OP is given by:

R = asn cos4, + aysinO + a,cosO. (4)

Thu~ valiues of a are now given by:

cosal = T * R sin 8 cos(4,-4,) and

cus(12 = R7 sin 0 sin(0,- 0').()

Substitution into (1) 6ives:

csn1/2 -s in 0 cos(,-4)] ()

coshi/2 * sin 0 sin(4,-4']

2 %I I -sin 2 6 sin 2 (,-4

4



Equation (6) may also be obtained from (5) by letting ' 4' + 900.

We must now determine the components of E in the e and 4 directions.
The procedure consists of finding the angle (or cosine of the angle) between the

electric field vector at the far-field point P and the 0 and 4 directions at

that point. The direction of the electric field at a point in space is given in

principle by projecting the vectors rj and a 2 (coincident with the slot) onto the

tangent plane at the point, rotating the vector 90 degrees (polarization prope, rty

of a sLot), and finding the angle between this vector and the 0 and 41 direc tions.

This is most readily accomplished by finding the components of 71 , a5 along the

0 and 4 directions (inasmuch as a and a are orthogonal vectors in the tangent

plane), and working with these components.

The unit vectors in the 0 and 4 directions are:

ae = xCos 0 cos 4 + yCos 0 sin - sin 0 aZ, and (7)

a- = -5xsin 4 + aycos 4). ( )

Tlv i ', 1 l. cOulp ll cli i ),I .il and I ill tlii I) ,1 ,d Ili r ,'1 i,)1n ; it,:

all ) = -sin( - 4'),

5j-- "o 0coS (. cos(4) - 4)'),

a-2 • N = cos(o - ;l'), and

a72  = cos 0 sin(- 4').

The resultant vectors in the tangent plane are written as:

S = -5sin( - 4') + 9-cos 0 cos( - 4'), and

= Y4 c,(,)- In ' )+ 70CoS 0 Sin(4- ,)').

.\ pos it i ve 90-deogrec rot it i )il o t each vecLor i s requi red l) llIt to) 1-lIOt

,o 1,r i ::.ii ton. This gives:

S1 ' = -7;co, ( cos(- 4') - ''W0sin(4 - p'). ,nd (9)

S2 '  -)'c05 ) sin(4 - 4') + a'eOs(,)- 4'). (U)

5:



The cosine of the angle between Sl ' and r is:

cos = -sin(4,- 4')
Cs I

-stn2( - 4') + cos 2 0 cos 2 (0 - 0') (Ii)

While the cosine of the angle between S1, and a 0 becomes:

cosy -cos 0 cos(,- 4')
1 vsji,2(4- -,)+ cos 2 0 cos2(4-4,') (12)

Similarly for S2' we have:

cosa 2  cos(#-4'), and

"cOs 2 (4- 4')+ cos 2 8 sin 2 (- 4') (13)

COSY 2  =-cos 4 sin(- 4')
Vcos2(4 - 4') + cos 2 0 sin 2 (0- 0') (14)

Using these results, the Ee and E0 components of the far field are:

E = El cosl l ,

0.2  1'2 L")s 2,

to 1 cos'YL, and

Ef) = E cos y2.

The total field is given by (+i for phase quadrature between slots):

Eel El cos[ + iE 2 cos6 2 , and (15)

E - El cosyl iE2 cosy 2 .  (LO)

2

The magnitudes of E 0 and 140 are the Linearly polarized field patterns ot the

crossed-slot antenna in an infinite ground plane.

. - .[



1.2.3 REPRESENTATION OF POLARIZATION STATE

The circularly polarized field from tile crossed-slot element may be

represented as the sum of two oppositely rotating, circularly polarized waves.

From Jordan and Balnain 4 we have:

ER = 1/2(E + iEo), and (17)

EL i/2(Eo - iE8 ), (18)

where ER and EL are right-hand and left-hand circularly polarized waves, respec-

tively. The polarization factor is defined as:

I =(19)
= QI

EL

where E,, = ARCiR, E1, = ALe1 L, so that 1QI = AR/A!. and , = L - R"

In terms of the quantities derived previously, the field components are written

in general terms as:

E0 = Eer + Eoi, and (20)

E = Eor + Eoi, (21)

whe re r and I reprsenti real and imag inary, respectively. The choice of phis or

minus sign depends on the choice of right or left-hand circular polarization for

the element.

4 Jordan, E.C., and K.G. Balmain. Electromagnetic Waves and Radiating Systems,
2nd ed., Prentice-Ilall, 1968, pp. 459-462.

7
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I,
For this invesigation, tile CP sense is arbitrary, so we choose +i for right-hand

ircular. Substituting (20) and (21) into (17) and (18) and recombining terms

g-ives:

E"R  - 1/2[(F: r  - EOi) + i(El1 1  + EOr)], and

E = L/2 [ ( r  + EOi) + i(-, i - EOr

Then, in tihe notation of Aordan anl Blmnmill:

L12 _: ) ),

AR  /2 V (l.r - 0 + (1,:4i + I'O ) (22)

+ 2 + I . 3Al. 1/2 V(E r + r+ - (23)

= ll , and (24)
I [ K4  + Eor1

- -- (i 
(2)

is then givel as:

A L ALq ~ 1 -J R (i "  
- R

A R AR

with values of A and ,. given by equations (22) through (25). The axial ratio is:

AR (2()

8



with the tilt angle:

4' 12(-)+ o.(27)

The0 axial ratilo Is defIined to give a val1ue AR > 1 , while pis measured f rom t heI local vertical.

1.2.4 RESULTS

Cross-s lot polIarciza tion comput atIions were made , with polariZation

st ae tp )r e Senit ed a is a f ti w t io o I ot e eVai I i on an I 1 o r s e Vk ra I Ia Iz Iith I 1 ) planeII

C tIt s.

The ye r i la polair izatIion eumIponent is [learlIy conlstant as a functIion

of 0, whi le the horizontal component varies approximately as the cosine.* For

O 90) degrees, the hor izontl (E ) polar izaltiOul componen0t vanishes a long the

infinite ground plane, leaving only yen iCal linear polarization. This behavior is

honin Figure 2, which is fairly typical1 of All p-lanell cuts. F.0 andE

field amplitudes obviously diverge greatly for large values of 0, giving rise to

large ax il ratilos.

AxialI ratio dat., are sumihuar ized ini Figure 3 ais a function of elevationi

age.The cuirve t or 4') degrees corresponds to the crossed-dipole dat1 lotintl

in thle Microwave Engineer's IiandhookS. Note, however, thiat the axial ratio in 4
planes containing the s lot axes are worse than the handbook values by as much as

d Bl. For any fixed value of 0, the axial ratio varies between the limits indi-

cated ini the C igurk .J

S.ItdT.S, Id. , Mi c row ivV I ie, ule rs Hanuidboo 1, Vo 1 2. Arc ccli Ilousi, Inc.
1911 50)

9
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Tile V/1I ratio is always positive, indicating that vertical polariza-

tiot is dominiant throughotit tite hemisphere. In tact, the tilt ,g It. ('111d thois

the major axis of the polarization ellipse) ranges between +5 degrees about Local

vertical as 8 and 0 are varied. Because of this, the axial ratio and the V/1i

ratio are very nearly equal everywhere, and are exactly eIjual for * 45 degrees,

where 0 (1 degree. Thi.s resolat tlso ili ates that liv dhome polarizat iou is now

ildependent ot azIimuth aglev. The te ed array polariz.at ioi ellipse is a Iwly.

oriented wit the major axis essenti ally vertical tor all values ot , even

though the axial ratio may become very large for values ot 0 approaching 90 degrees.

A review of tile data shows that, for all values of *, the feed array polariz.a-

tion is essentially circular from zenith to 0 < O degrees, becoming vertical t or

0 " 70 to 9) degrees (tilt-ed array grouidl[liye

For 0 = 0 degree and aiiy v.111 o(Io *, the tilt anglt 4) is not dcti ned.

At 0 = ) degree, tLe computer progamrltl provided vai1 lts etitult t) O 2 whitll .1't- It 

signi icalit.

II



FEEl) ARRAY HARDWARE iNVEsTIGATION4

2.1 LWIENT TRAD)EOFF AND SELECTION

Feed array elements capable of providing polarization diversity over

octave-plus bandwidths oftti a significant design challenge. Several existing

element.- are potent ial v and idates, and performance characteristics must he ex-

ainted closely for teed array geome tries.* The ma i teudtce ot presc r ibed irbi-

trary polarizat ion states will require a prec ise control of the element p~olari-

zat ion in the array environment. "hlement polar izat ion will be determined by

impressed exci tat ions anid e Loment i ntc rdc tions in thie feed a rray.* The high

element densit ies in the lower port ion of the band produce very tight element
coupling, which must he coint rolled to provide optimum performance. Analyses6

Ind tests of tightly coup led elements have previously been conduc ted at Rayt heoti

ESi for linear arrays.

At this t ime, it appe-ars that aii element capable of generating, duial,

orthogotal , I ictar poliriz.at itons will lprovide best performnance. Existing; elements

witii ia high degree of physical and electrical symmetry appear to offecr the best

chance ot compensat ing for oukit oia Coultip, togcitects with scanli *tie suich dutn 1-

poltar ized element Whi ch has been stud led at Raytheon1 COnSis''; of two ortLhogona I

st rip1 ine-fed, tapered-n1otch oe lentt 7 Another potent ial cand idate recently

sttod ted Is at broadbaoa ., c rossed-s lot element ; i*e . , printed-strip1 int. slot with

balanced, syriinetrica I to-ed tints.

h Ludwig, A.C. ?iutua I Coupling, Gain and Directilvi ty of an Arraty of Two
Ident icalI Antenns . I EKE Trans AP-24, Nlov. 1970, p). 837.

/ Lewis, L.R. , ti. Fasset t, and 1. 11unt . "A Btroadband Stripline Array hlement.
1974 IFELEAL-S Internat tonal1 Symposium Digest, June lo-12, 1974, Atlanta, 6A,
pp 335-337.



A third candidate is the "quad-ridge" waveguide element 8 using e ither 

circular or square waveguide. Higher-order modes may limit the bandwidth with

this element to less than an octave; in addition, it will be more expensive to

fabricate. On the plus side, the quad-ridge element should limit mutual coupling

and prevent some types of surface wave modes which occur in other elements, such

as the printed notch.

An investigation of square quad-ridge waveguide elements is currently

heing condticted In i, Raytheon internal devel opimneirt prrgrjm. Orthogonal1, printed-

no cii rI.t'lm its w r' sv'l ctv'd fI or expjs rimenta i vest ig.l in in this rrir iin.

The bases {or selection are: (1) prior work which indicites that wide-scaWi

octave-bandwidth performance for dual polarizations should be possible; and (2)

the relatively inexpensive fabrication of Iarge arrays which would result.

Two versions of orthogonal printed-notch elements were fabricated

and tested. The results are described below.

2.2 CROSSEU-NOTCH ARRAY

The stripline crossed-noteh vlenient was sthc ted for hardware evaltia-

tion as the most likely to meet the requirements for the 3-I ])orne Feed Array.

This choice was based on a knowledge of the scan and wide-band capabilities of

Linearly polarized notch arrays, and an indicatton from previous work 9 of suc-

cess in integrating two notch elements orthogonal to one another to achieve the

reqtired polarization agility.

8 Chen, C.C. "QuadroplIe Ridge- Loaded Cirt la r Wavegi tide Phased Arrays,
IF, K Trans, Vol AP-22, fay 1974, pp 481-483.

9 Lawrence, RI. , and .1. Pozga>y. "Broadhand Antenna Study," Report AF CRL-TR-
15-01 78. Raytheon Co., Bedford, HA, March l19P).

Monser, ;.I., al. "Closely Spaced orthogonaIl 1ipole Array," U.S. Patent
3,hib,97b, 17 Sep. 1974.

13
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Two orleitat Lon conf igurai ions it 1te ortIhogoi.li I notches wert pur-

sued in parallel within the developmental etfort on this project. These were

the noncoincident-crossed-notch (NCN) geometry, and the coincident-crossed-notch

(CCN) geometry. The two configurations are shown in Figure 4.

Fifteen-eLement linear arrays in both tile NCN and CCN geometries

were fabricated and tested. Both arrays were designed to have intra-element

spacing of 0.5 A at 8.5 Gliz. Both element configurations developed here can

oI-er,,t o ill two-diuucn:;ioui.1 , .urruy ;'e' IIi y.v.

The CCN array has tile advantage of coincident phase centers, resulting

from physical centering of the ortliogonal elements in tile same place. For a li near

array, this geometry is symmetrical, and lends itself to symmetrical patterns. The

NCN array has a possibility of greater electrical independence between the verti-

cally polarized (VP) and horizontally polarized (liP) elements, resulting from the

greater physical separation between the two. This could result in improved per-

formance for the NCN array.

,;ac'i arriy has ambout ;an1 octive baindwith over whitch its ierto rmant,

is satisttactory -- 4.') to 9.2') G(lz for the 1')-element NCN array, .iid 3.1' to I.')

t;Ilz for tile 15-element CCN array. The estimated directivity for tile CCN arrayv

element is shown in Figure 5.

2.3 LINEAR NOTCH ARRAY

Tile first step taken In the hardware generation was tile fabrication

of a 1-element, horizontally polarized, linear-notch array. Figure 6 is a photo-

graph of tht. array. The e imeent design followed the guidel ines of referencte 1.

Figure 7 details lte goev trv oh the array. A '(J-ohi stripline teed i Liwered to

)7 oh sll.S at tile notch ti.ed po int. The printed-c irc.uit stmst rate is Iluroid ')88(1

which has a dielectric constant ot 2.22. The striplinc dielectric thickness is

0.120 inch.
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Figure 5. Estimated Directivity of CCN Array Element
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Figure 6. Photograph of Horizontally Polarized,
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I.

The array performance was optimized over the 3.0 to 9.25-Gliz trequency

band. All data included here were taken on the center array element. Represent-

ative azimuth imbedded element patterns are shown in Figure 8. The azimuth 3-dB

beamwidth is equal to or greater than 110 degrees. The azimuth patterns do have

some "lumps," and it should be noted that the 3-dB beamwidth point was selected

at the angle at which the power is down 3 dB from broadside, and continues to be

(town 3 dB for all larger angles.

Figures 9 and t shown the passive VSWR and active VSWR for (), 40, and

b6-degree scan angles as plotted on an :111tomatic network analyzer. Passive VSWR

is Less than 2.6, and active VSWR is less thanl ) out Lo a 60-degree scan.

The test array was fabricated with an adjustable ground-plane spacing

which was optimized at a distance of 0.8 inch from the antenna face.

The elevation patterns and measured gain of this array are of interest

in establishing the estimated gain of the dual-polarized array. In its present

configuration, it does not truly reflect the two-dimensional array geometry. The

elevation patterns shown in Figure 11 are quite regular, as would be expected from

vertical trough stripLine elements. Measured gain of the horizontally polarized

linear array is shown in Figure 12.

18

J,

M



3,0 j
107

30f
/3

7 / /
40 320

1

77-. 
- 7j~. J



40'1

110'
2.02

£70, 180

5 0HZ

l'i gure 8. Re1)r esen. iit i yeo Evihe d dIdE I ,ici L

A/-l~~ h ItIo l ( h o 1



632

290 180C~

121

7',
20~~~~~~ -- %I*07 5 -0-0 N



10, .'0
J ! 0 :0
'0 

0.

330' 340" 30"

30, 330

40'
na,

10

15

'0
JOG 

2
60

70,Z90

70,

'0
so 

7
-7 -Z L

10
90

V

30

00 

"0

f

2 1 1 1
:50

YIZO, %

17
'ju IJU

10- 
140

T.
14a 

2.,0

151)
210

tw
-00

9 GHZ

r ure 8. Representative Embedded-ElenlellL
Azimuth PatLern (Sheet 4 of 4)



-*-t *.~I.IF~ \. . r~EflI.IENcY * EI.ErIEIi

I I I
I I

I j I

I I I

4---------------~

I I

I' I j I
- - - - - - -t"--. 1 -'

if

I

I I

I 1/ I I
I If I I

I I I ir

------------ -~--*---I ~*1~~~~
I I I

* ~I I I I
I fi I I I

I I I I

I ~ I I I I

I I I

* I

1*1 I - *

I I
+

Figure 9. )I~~;~ I vi' V~WI~ III .1 Iiiiii t Iou ot Freqiitniv

-- - ~, -s---'.- .~ -. - - - I.



ACTIVE .;IJR VS FREOUENCV FOR EL E'IEI] IF 15

UNI FOPM ILLUMINATION

-:ccA ANGLE &DEE = 0 EL. PACING.CM)= 1.76

i I ki g

- . . . . .-I . . . . .- . . . . .-" -- - -. . . ..- - - r - - . . . ..-

I I I I

-- - - - - - - --. -.-.-- -

* v 9 I I

I j I II

------ ------- --------- -- -
SI I III

. . . .- -. . . -- -. . .-- -" --- - - --

[ I II

II II

-- - ----- - --- -- 4 - --------- - -...

I I I

Ii I I

SI i ji

:: : -- .---- - --.--
I ( hI I 3

I II

Si I'I ,I....\ _ .

, ,11-,+ I ,t-,,/ ,

Figure 1(). Active VSWR as ;! Func'tion of Frequency
(Sheet 1 o)F 3J)

24

.. WV '".*-, ,,



ACTIVE VStdR VS FREQUENCY FOR ELEMENT or 1.5

UNIFORPM ILLUMINATION

ECAN Pti-LE iDEr,1= 40 EL. SPACINGf CMj 1 .76

I III I I I
I I I I

II I II

-i - - i
I I I

t, P'II I I
I I II

I I I g A
SI I oI

iilr 10 Ac i e i.W , i! iitict ,

i I (d
I I gII

I I OI

II O I

II I I | I
I O I

SII I

I II

I I I II . IIII,

r I I Ii iI

l I 1 I VSI . I 1 1( 11 II It~I(I.

, i I

F t 't
- Z 

.':, M F I '

• ].



OCTIVE VSWR VS FREQUENCY FOR ELEMENT 0 OF 15

UNIFORM ILLUMINATION

SCAN ANGLE (DEG)= 60 EL. :SPACING(CM)a 1. 7 b

A

+5.0 0 - -
4 I 4 4

. . .. g . . . 4I. . . . 4-. . . . £". . . .I . . . .

i I i
i I I 4 ;

- - - - - - - - - - - ---- - - . . . . .-" -. . .- -.. . . ..-

- -- - - - -
II I 4 4.. *I , , 4 ,

---- --- ------- --- -- - - - - -4-

- - - - - - - - - - - -

- .- - - - -

- -- -- -- - - ' -- - -- 4- - -- - --
+ 1 0 0 Ci D , +;

i W FI 4 I II
4 I 4 I

II II I

i I i i i4I/ I 4

-.. - - - - - --.... -I . . . - - -- - . . .

I 4 I 4 I

- - - - - - -- - - --- . -- -l.. ..- - - -.... .---lli----o -l-----"-- -- 4i

4 I 4 I

(Sle 3 of 3 I

SI I I I 

4 I I I

. . . .. .. . . - . . . - i . . . . I . . . . j

I 4 I

. . . .. . . . . . "1. . . . . - - - -- *.. . .I . . .- 4 .... . .- - -

I I II

I i I I 4 I

F- E I i I i

+ !

Figure 10. Active VSWR as ;i Functton of Frequency
(Sheet 3 ,of '3)

26

/_ 4 ; :: 4 '=t .- .. ,._ -: ! i'(:' ;, .l



3b-

22

33 3I - -- U ---------- 330
30.



3bO: 3io
10 so ZO'

360

330 J30

40 10

ild
so

d

10,60

70,

290, 
no

70

-30

2$0.

35

0 7= 2 
u

lue X

940 q. 14.

V20,

na" 
.30

10

150,
210

10"
2"0,

5 GHZ

Figtire IL. Uevation PatLern of Itorizontally

Polarized Linear Array (SliceL 2 of 4)

28

0



35o7 _0
no,

to 340

3.30 30
130

310, .0

'0-

so

300
60 2

-so*
70* 'c

30
go'

jo . . . JS

loo t

zso
Ito 

---- ---

2 40
120' 

%

2 1 
ZJL

'110

Cie

7 GHZ

F i gu rc I I I vva t i ),I Pa t t r1i 11()r i -I I I v
l'i) I. i r i I. i nvar A ri tv (SI wet I it 4)



340: 0 "00:

3 30:3030: 

-10
3W 

.. ....

D

310
lo,

30:
60 20 3DO

to*
10.

30

280'
SO

ip i 5i o
10

bo

2w

zo
2Q 

240

lu
lio,

2N

110,

26 .......... 3w .
16 200

In* IVQ*

9 GHZ

F i ,,u re I I I eva t i , In lli t t f- r n I) t lio r i z on t a v
I r i z . j 1. i fic.i r A r r.i.v S livu t 4 'o



4

3

2

7/

~ 1

0

0

-2 II - I I

-2

3 4 5 6 7 8 9

FREQUENCY (GHZ)

Figure 12. Measured Gain of Horizontally
Polarized Linear Array

*31

I-I
-2___ ___ __,__ _ l ! . I .I..



I

2.4 NONCOINCIDENT-CROSSED-NOTCH (NCN) ARRAY

Vertical elements were next placed between the horizontal elements

to achieve the NCN configuration. Figure 13 is a picture of the completed array.

The vertically polarized (VP) element design was identical to that of the hori-

zontally polarized (HP) element design (Figure 7), which is a desirable feature

for extension to a two-dimensional array.

Embedded element patterns and gain and impedance measurements were

taken every 0.25 GHz from 3.0 to 9.25 Gllz. These data suggest that the array

performance is good in the 4.5 to 9.25-Gliz frequency band over the scan volumes

cited below.

Figure 13. Photograph of Noncoincident-
Crossed-Notch (NCN) Array
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Ii

Figures 14 and 15 show plots of active VSWR at 0, 40, and 60-degree

scan on the center VP and HP elements as measured on the automatic network

analyzer. Over the 4.5 to 9.25-Glz band, passive VSWR is under 2.75:1 for both

polarizations and all frequencies, and active VSWR on the VP element is under

3.7:1 out to 40 degrees and under 5.25:1 out to 60 degrees. The active match on

the liP element is under 3.35:1 out to 60 degrees.

Selected embedded element patterns over the 4.5 to 9.O-GHz band are

shown in Figures 16 and 17, respectively, for the center HP and VP elements.

Pattern measurements were made to test the polarization isolation

of the VP element to }HP incident radiation, and vice versa. Figures 18 and 19

give some representative measurements. The VP isolation of the HIP element

(Figure 18) is 20 dB minimum broadside, and degrades at the low frequencies.

Isolation is better at the higher frequencies. IIP isolation of the VP element

(Figure 19) is 23 dB minimum broadside, and again degrades at the lower frequen-

c ies. Isolation improves at the higher trequericies for the VP element, also.

h'll.i poor is4t .it i it tie low frequencies stems ill parL from the asymmetry ot

the NCN array.
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2. CO INCLIDENT-CROSS ED-NOTCI ARRAY (ccr4)

The CCN geometry requires at stripline board thickness smaller than

the notch gap at its feed point, in order that the yert-ia I and hor izontif

onllll i ightl lI-11i.lji iiiIplid icit . A ii.0ihi-illcl I hiu k ; Iripl ilo III toW ch i

wit Itit a .i90-iiich liot cii Icred ),II) was dt's iglled id I lbricated to (TWO1I Iti .. I-

qu i rement L

The VP elements were then fabricated and configured with the fill

elements as depicted in Figure 20. The vertical board,, contain three vertically

polarized elements, only one of which is actively fed, the other two being used

for impedance matching to free space. The vertical and horizontal elem-ient designs

are identical, except that the stripi ine feeds are of fset to keep the feeds from

physically intersecting and interfering electrically. Figure 21 is a1 piCt-ure of

he completed n aay.

E~mbedded1 el-ementL pat to ms and gain and impe-dance measuremen U; wero

taken every 0.25 Gilz, (rom 3.25 to 9.25 Glz. It canl be concl1uded that , except

for at rise in the active impedance at a round L Glz for both the VP and lit' elemenlts,

array pierformance is good over the 3.75 to 7.5 Glz frequency band. All- the foll ow-

ing statements perta in to embedded elemenlt measurements over this 3.75 to 7.t) Gllz

f requlency band on the Cen1ter VP an d 1ll' 0 len0ients.

Figures 22 thrmough 2') s how passive and act i ye VSWR as measuired onl tho

automa tic nietwo rk analyzer. The VP1 elIemenit has, at passive VSWR nuder 3.5 1 , and

under 2:1- over most of the hin1d. 'The VP elemeit- at livi VSWI( is under 4.5):1 out

to 6i0 degrees;, except- tor a rise to 7:1 ton a il-dvene scani it 4 017I., and .i rise

LO ():I for at 41-degree scan at 7. 5 lii. The rise at. 4~ (Iz is relIat ed to4 thon r i st'

ill passive VSWR. The fill active match is 4. 5:1 oiit- to a 4 0i-d eg re scant ove .1

to 7.5i Gliz. A\t 4.2) (;Hz, VSWR comes up) to 6.), anld at 7.') (IlZ there i!; .u ri ~o ill

VSWR to [() :1 for at bh-degrer scan.
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Figure 21. Photograph of Coincident-Center Notch Array
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E-Imbedlded 41 ement pat torus of-th c l elnte r elemeitsa are shiowni ill iglr

'10 and 27. Minimum 3 dB1-be~aniwidthis over thke hand are 74 degrees in lnit .i

I " I Ite 0 1'e iii l ev t joil I i [)I- t t, V , I ell ' ll , ii l d g s a ./lii l a 4

Figures 28 and 29 show pa tterin meas;oremen~t' t, taken to teCs t tl& I Col )a r i-

zation isolation of the VP element to liP incident radiit ionl, and vice ve'rsa.

The VP element isolat ion to III radiationI is ) 14 dB over a +60 degre-e -scan [Ii

az.i muth, while HP element i so lation over at +0(0 degree' scan is ) 13 dB1.

Phase measuiremenots c ompa ring thle VP element phla se cente r to the

HiP 010111011t phaMse ceter' Were-( taken, and aire shown in prl 301. 'Ilise iJve -il

ind [catio4) of- how di le renees betweenl [eakt tons! of (lie VP alld HP'eI iii.pa

centers would affect thle quta lity Ofi p)lar iZed radiation wh ich couild he. gener.1ied

o)ve r the frequency band and az imuthi scan.

The graphs should he compa red to r diffe renees be tween) the VP' and IliP

p)hase , and not for absolu-te vales, which were adjusted dun nig the tests.

Thle phase tests were conduc ted Ii the folIlowing manner. The lr ralY

tiwae was positioned as, acctiraitely ,i's possible over the pedt'atal center if oa

ion (CR). At a sinigle freqiielicy, a Ji11,1-i' pat tOrn Was Cit liver -91 deres

t; imiitli oil tiw center VPI e (mi ieLt wi thl a Vi' transmi t horn. The trailsmlit liImUI Wi';

tiwn r~i Iatell to ki11' , .1 nil .4 plia 54 pa t te erl eat onl ti' c(iii ( r 111' cl Ill l it LI t .i m

;r apii , is i rig t hie sailet cab 1c be tweell Iti Fph'IaII~o' r e ce i V (- an tl 1 O aliteillll 1 c Imlelit

Thle phase measureiments also indicaite that , ove'ir a +60) ih'gre' s,-11

till' Vi 1) lIl e lement piiaia' cl'ntL rs W' ri' at t ill airr;iv fadk ( lIit ionT 01 t Ie W8).

T~iis is jilijl'ted by thet fhiitli1255 of Ilhisi' livkL' t014Ocl
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I.o IE.STiMtATED GJAIN

Act ia -,ain meaisoremen ts of Lte present NCN and CCN a rra Vs woutid he

oi Little use, (fie to the presence of only three vertical eleme.nts. Consequet-O I

o-i dati 'Irk, not ilk;~t d

Howveri, est Lmated (Ii recti vity of the( NCN and CGN cemiit -; inl a I wo)-

dimensional airray env i ronietit can be tder ived f rom a compariUson bet ween ),i i1 illad

paItterns of tile Mi linlear array, whiich hiad very regular patterns, and tie lit' and

VP inhedded-e eii t pat terns of ite NC;N and CC or rays.

A sonintiry ol beamwidih ;i ppears ill Taible 1. Not ice that, o)ver [lIi -4

[oi(.i band , the comib ined heamwi dtiis of the Ill' linear array and CcN diii -polar-

iZa tionl array are inl c lose ag recinent . Thus one woul d expct Lte di rettiv ity ol

the CCN array to) clo(sly agree w itli tie( diirec t ivity of Lt le HiP linlear lcieiil

( Figure 12). E-lement g iln mayI he less inl SpoLts, due to 'ASWR mnisma~tChIC!

For the NCN -frray, He VPt beatiwjdti at '5, 6, and 7 G;i, is obi n

t ial11y less thanl the e leva tion beamwidtli of Lte 11i) Linea r orray. Coiiseq aen t y,

one Woul exc pectC imp roved gain at 5, 6, and ; C;iiz by about 4, 1.5, and I d h

respectively. However , tile reduced beam~Wid tl is a s ignIitUicanlt IrObO ic Ior I

wide-scan array.

2 .7 PATTERN NULLS IN CROSSE D-NOTCH ANTENNAS

Thle pr illted-ilotcli ci ement h Ias thtis taor beeii Iouni unlso i t hI' 1e I

llttuti-OctaIve, wide-aug Ic sca;iilo ng ill array app icittions, becautse, Ail it--:p1Ii it'd

pattern nulls at angles s;maller thiaii thoset Computed by g~rat ing lobe cr iteriai

A moidel for a pos!;ible explaunatioin resul tiiig, tli cxt Cionm ot a siurtace watvt-

o Iit o iw i . h t ii - I it iy 'f ;q oc t i Ip i i o1 n til i it - e i c tiu Itt h t ro, b it tIittr 1,

18



'mhe crussed-notch i -ray uVLer a1),1 t Id 1) 1n 11W orms a currUgI Le d, reac-

L ive ,Lrtutre (F igulre 31 ) W1hIich' i s capa Ib Ie ot support ill),it )" gided suit ick. sivo

For exc Lt;1t jun ot tle notch e Oleensil 110th X-'. pLane (hor izonLtil e~L1lemetS) , tilt

poltari zat ion is hori zontaL. This po tar iza ti-on is su itabl1e to coupleO to atT.

surface wave propagating in tile x direct ion. The governing relatioll for the s.ur-

face wave propagation vector in the x direction, k.x is:

kx1? k02 [ 1 + tan2 (kotfl (26)

wher0 -, 2-n Iree-spa1ce propiagat ionl Vector, aud t gruild-pl.lIue depth. 1

Ao

T1ABLE I ISVAMW ID COMP((HIAR ISON

Beamfwidi Deree, S
IFrequency (Gilz) I 35 6 7 8 9 J

IAzimuth Beamwidth

111P Array 16 1)i 1) 151) 11) 12u 125 12 1

14CN ArrayI 915 9() 10) 1 l 1 39 1 13 11)7 I
CCN Array I - 9i 128 1 i0 128 -

IElevation Beamlwidtli

fllP Array 91 ) 5 9 I! I1 1 14)
I NCN Array I -) 1 it)/ 90 107 12

I CCN Array I It I~ i1 I)

-~~~~~~~ ~ ~ -9



z LINEAR CROSSED-NOTCH ARRA'v GCMTR)

SCAN
- DIRE CTION HRZNA

GROUND-PLANF TOP VIEW
HE IGHT (t)

ELEMENT

SPACINGVERTICAL
_______ (d) ELEME NTS

_____FRONT VIEVW

F i tre 3 1 Linear Cro .sed-No~cli Arrtiv (;CoMtr y

For array tailil I t ;11 jilgIt (), EI oiipl i ng from aIll (I (lnE i

1, li sunrtacL' waivc will idd ill pli.isvc fr

d

L+tan (kE)t

2 1
i' +(



For a fixed geometry (t, d constanl.), we have a surface resonance

and pattern null at an angle 0 for k om such that:

+ 1 2rn < (II)

kocos (kot) kod

Equations (30) and (31) predict nulls which are synetrical with angle,

and which move with frequency. Equation (31) has been sol ved for the design para-

meters of a 15-element linear, crossed-notch array currently being tested. The

frequencies for pattern nulls are listed in Table 2. There are no solutions for

the case m 0. The lowest-order (m = +1) sot t ions are ob tained by direct solution

of equation (31). Higher moding (im1>l) predictions ha'tve been made, taking advan-

tage of the facLt that the solutions converge quickly to the same value. We may

then take the limit m = in equation (3t), and note that the frequency poles for

[/kocos(kot) are the desired solutions.

TABLE 2. PREI)CTt'I) FRE, )UENC1I,'S )V' PATTERN
NULLS FOR Ho)RIZONTAIL E1LEMNTS*

Ground Plane ____ Frequency for Nulls (Ghz)

Depth t, Inches I Lowest-Ordr(m = +l)hodes Iligher-Order Modes-

1.4 .1'), 0.7') to 7.') 6.3

1.3 6.0) to 0.2), 7.2'5 to 8.5 0.8

1.2 6.5 to (.7'), 8.() to 8.') 7.4

1.1 3.0, 7.0 to 7.) 8.0

1.)3 5 7.) to 8.0) 1.i

().9 3.15, 1.1) to 8.' i. I

I (.8 4.25, 8.() t) 8.5 3.1

IJ eIletL spiac ino = (1 . 9 in. , v .Ir iablI, 1;rolinl p 1.11ne dept t1 , lover

ia frequency band 3.0 to 8.' (l;.

HI

' 81

- . . . .,III II, I I I IIII II I II II ill9



M1ICROWAVE Cl RCUIT FRAIA OKIZAT [ON

3.1 INTRODUCTION

The 3-D dome al1lows wide-angle scanning over regions exceeding a

hemisphere. Feed arrays lt-r dome ilpplicat iows are simplest it i thy prwivdc .I

I xed , I intar toilarizat ion1. Ho(we.verI, I- r alh ,el -od i,; wi-het 1i l.t .,

cu rvedl, t he po Ia rix0 t i 411 I 4 in cioit (41t Lhe thm11ic w'ill V.1 v l Iy ii j/ imith [I i t i t ion ,

resul1ting in scan-dlepenidentL polarizationi chiaracterist ics. For exaniple, II illeiri y

polarized feed array consisting of dipole elemetLs Will provide vertical polairi-

zat ion for the plane cont~ainiing the dIip~ole axis, and horizontal poLarizat 0!) t or

the orthogonal plane. For Intermediate azimuith posit ion,;, the polarizatil 1) will

still he Linear, hut rotating from vert ical to hiorizotal and hack again, ats azi-

moth angle is vaited. This s itua tion nay be c ircuomven ted by employVingj c ircuola r

polarization in tihe feed arraiy, but this soint ion is restrictive and onuce sstnl

only if pl44lrz~ti n [4 p lri ty is [Iaii il i ti d.

II gene wri , system designs e111)1oyi ng, dllie ;itit-nas rcqiirc ssm

cit ic polar izait ion! over the operating, hiemisphere. I add it iOn, mondern vt4)

are increasingly turning to tpolarizat ion agility to accolmpl ish their ;oals. Eo t 1

situations require that Lte feed array he capable of providing; multiple iml:iri za-

t inns, perhaps With hlighj swi tcliing rates between Lte variouis pLllarizati)) tis

Pervsouanalseshave shown that tile dIomle Will trinsmiL tI any idil polri)4i

With ess"entially no chiange. The hurdo it f proividin~g pollirixzationl agi lit v is thro-

fo t plce ()ni t I feed Ir rav.



One technique for generating polarizations employs a crossed, Linear-

array element fed with some appropriate polarization selection circuit. Plany

crossed (dual) linear elements may be employed including crossed dipoles, crossed

Slots, Square or circular waveguide, etc. Reference" 1 describes thle polir izat ion

characteristics tor such duiaLl i near 0hl-ellos , uising, thlt crossed slot as iii oxample.

While the radiating characteristics of thle element are importantL

the characteristics of the element feed network are equally important in estab- 1

lishing overall antenna performance. Many types of polarization selection cir-

cuits are possible, the choice depending on the number of polarizations states

desired, the amount of loss which may be tolerated, and thle speed required to go)

from state to state. This discussion addresses three specific feed irray polar-

izat ion requirements:

1. "Rotatable linear polarization,* for which the tilt angle may

be "cunt inuously" varied over a 1801-degree range; this capa-

bility allows the polarization external to the dome to remain

fixed ais a function ot scan (.azimu11th) angle.

2. "Selictable polar iza tion," which a1l~ows the teed array pol ar-

i za tion to he c hoseni fromir among a limnit ed nuimber of fixed

staltes; ill iof these circiiits proivide LIt leaSt )ne pal r )I

orthogonal polarizat ion states, anid the select ion ot ,titc,,

can be made in a randomi manner.

3 . "Completely arbitrary pot arizat ionl, Which a I lows ttile sec il

of any polarization staite; this (ipabil liy requires, the grouatest

complexity in theu polari;,ationl selection circuiit.

ILII Io s t i *) . iri o ;t 1oI i ..IIi ji 11Jl .i c,,t r i !wti )v u r 11le-[i plih r.
Raytheonl memo) 4282/hWhI/0)/ I, Fob. 1910.

8 3



Tlhe tot tow inzg paragpraphs,. describe tlie0 rke I evan t ci rcits and someW Ot

their operating characteristics.

3.2 ROTATABLE LINEAMR POLARIZATION

A feed circuit to providle rotatahle linear polarizat ion is presented

inl Figure 32. This zircoit is basically a variaible power divider which Splits tilt'

p)ower U) the~ two cr~ossed 1linear Q lemlelits Lo athlieVo l jiotariz/.~it~ii rotat lull h biS

circuit cunsist s of two 3-dli hybrids, and a multi-bit phase slhift r . A signal at

the input of the network is divided between the crossed linear elemenits ill a ralt i

de term ined by the value of tie phase s.hifter. The ouput signals ire e it lier ill

pliae or 180 degrees out of phase, regaird tess of the phiise sbiftvr set thi, Th bi s

coaid it ion is n ecessa ry to ma iotla in ii -iI i nea rlIy polIa r i zed s ignalI inl space.

I jlj),. i' Vaji l'i1, ow -l ivitvr (.i r oii to,

Provide i()~it~ihl. Linear 1llzri/it iou



I

Theil polar izat ion rotat it) o t~ I neI depends 1) t11he tr Iu.k i Lv W I he

mt ILt i-hi L ha-se sh if ter. Ther- is a 2: I relationship between tilt bit s i e mii

rotit ion. It takes two degrees ot phas,, shilt to chan g. the polairiz.tion t ilt

angle by one degree. For dome operat ion wi th constaut linear p)olarizat ion I nde-

pendent of azimuth angle, a rotation of up to 180 degrees is reqtiired.

Analysis of the circuit of Figure 32 provides the following rel'itions

for determining the polarization tilt angle, where € is the phase shifter setting:

;l I- {n 11+ 2)

Tilt Angle T tan ll ) (3 )

EV = (cos -1) + isin 3 (4)

l- = sin - i(cos +1) (3')

Results obtained frm the.e oxprsn;ins irt presented in Table i.

The consenc(|tilcts )t a limited imber o bit;i n in it rmil i-hit phase shilte .if.

-hoWl be Iow.

W)
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Obviously the polarization roLtiiol illcremenj 'lt bhcOlkmen; t iner with ail

increasing number of bits, as shown by Lhe third column. The list two 101t10(0

refer to a horizontally polarized incident wave. The fourth column provides the

IE1I'V/1 1  ratio as given by equation (32); i.e., the signal response in tie vertical

element relative to that in the horizontal element for incident horizontal polari-

zation. This is a measure of isolation as a function of the number of bits

employed.

The last column provides the polarization loss for an element with

the indicated polarization tilt angles correspoiing to tile horizontally polarized

incident wave. This loss must be aided to the insertion loss of the polarization

circuit. Note that, for three or monre bits, the polarization loss is small.

It should be mentioned that one additional phase shifter in the V or

II oltptt arm of Figure 2 is required in order Io tbl. ,i l iny Spe(ified po iriu i -

t ion. This phase shifter must be capable of providing 300 degrees of phase shilL.

3.3 SELECTABLE POLARIZATION

The circuits shown in Figure 33 through 35 which are capable o1 pro-

viding a number of fixed polarization states. Two, three, four, and six-state

circuits are indicated, with circuit complexity obviously increasing with th

number of states provided. Each circuit provides at least one pair (,t ,rthI)-

gonal polarizations, while the fur anld six-state circuits provide two and thre

orthogonal pairs, respectively.

Phase s( it ifters usell in these cirruit-ts are single-bit phase, shi I,,l

,)I til, vali. indicalicd. By 11s5 ot diode ph.ase sil [t , tile i1 .iri;t.It iol t

may be raipitily change,,d to imp1oi,k st t ,m re;iYtormcn 2. Eepllred ;haao si I,

settings for the available states for each circuit ire i rlid'iatid in the f igures.
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To obtain an estimate of the insertion loss for each circuit, three

typical octave bands were considered. Table 4 gives an estimate of losses for

the individual components comprising the various circuits; i.e., hybrids, phase

shifters, and switches. Losses are indicated for the I to 2, 4 to 8, and 8 to

16-GHz octave bands. These values are representative of the state of the art

for these components and frequency ranges. Table 5 gives an estimate of the

total loss to be expected for each circuit configuration. The indicated loss

figures do not include connecting transmission line loss, since this is a variable

which depends on specific system layout. As such, the loss values indicated in

Table 5 represent best-case values; they may be expected to increase somewhat,

depending on the final layout. For those circuits having phase shifters, the

loss is different for the on and off states. In these instances, the appropriate

value of loss was selected for each polarization state.

It should be noted that, due to the various combinations of on and

off phase-shift states, there generally is an amplitude imbalance between the V

and 1I arms as polarization is changed. This imbalance derives from the differen-

tial loss in the two paths resulting from the selected phase-shifter settings,

and ranges between 0.2 and 1.0 dB. As a result, signal cancellation in hybrid

output arms is not complete, since amplitudes are not equal. This leads to high-

amplitude, cross-polarized components, and makes it impossible to achieve high-

purity circular polarization.

The speed with which polarization states may be changed depends on

the speed of the phase shifters. For diode phase shifters, in-house studies

indicate switching speeds under 100 ns and power handling of about 10 watts CW

per circuit. Switch rates of the order of 1 MHz and greater appear reasonable.
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TABLE 4. TYPICAL COMPONENT LOSSES

IComponen t __FriuencBa nd
I -G lz 4 4-8Gllz 8 8 -6Gfz I

1900 Hybrid I 0.25 dBi 0.4 dB I 1.2 dB I

1180" Hybrid I 0.5 dBi 0.6 dBi 1.3 dB

11 x 2 Switch I 1.0 dB I 1.5 dB I 2.2 dBi

1180" Phase Shifter I 0.75 dB I 1.0 dB I 1.4 dBi
I(off state) 1 (0.5 dB) I (0.6 dB) I (0.9 dB) I

1900 Phase Shifter I 0.8 dBi 1.1 dBi 1.5 dB
l~off state) I (0.5 dB) I (0.7 dB) I (1.0 dBi) I

145' Phase* Shifter I 0.9 dBi 1.2 dBi 1.6 dBi
I~off state) I (0.6 dB) I (0.8 dBi) I (1.1 dB)

122-1/2" Phase Shifter I 1.0 dB I 1.3 dB I 1.8 dBi
I~off state) 1 (0.6 dB) 1 (0.9 dBi) I (1.2 dB)

(3-dB Power Dtivider 0.3 dBi 0.7 dli 0.9 dB
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TABLE 5. SUMMARY OF POLARIZATION CIRCUIT LOSSES

Polarization Figure 1 Polarization 1 Losses (dB)
ICircuit No. I State I 1 - 2 GHz [ 4 - 8 GHz T 8 - 16 GHz

ITwo-State 33(A) I Vertical 1.0 1.5 2.2
I I Horizontal 1.0 1.5 2.2

I 33(B) IRHCP 1.25 1.9 3.4
IILHCP 1.25 1.0 3.4

I 33(C) IRHCP 1.75 2.5 4.7
IILHCP 1.75 2.5 4.7

IThree-State I 34(A) I RHCP 1.1 1.4 2.6
I I I LHCP 0.75 1.1 I2.2
I I Diagonal I 1. L • 2.7

34(8) I RHCP 0.6 1.4 1.8
LHCP 0.6 1.4 1.8
Diagonal 0.3 0.7 0.9

IFour-State 1 35 1 Vertical 1.5 2.2 4.4
I I I Horizontal 1.75 2.3 4.8

RHCP 2.1 3.0 5.4
LHCP 2.1 3.0 5.4

Five-State 1 36 Vertical 2.0 2.8 5.3
IHorizontal 2.25 3.2 5.8
RHCP 2.6 3.6 6.3
LHCP 2.6 3.6 6.3
+45* Slant
-45* Slant
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3.4 COMPLETELY ARBITRARY POLARIZATION

As mentioned previously, arbitrary polarization may be obtained using

the circuit of Figure 32 with the addition of a 360-degree phase shifter in either

the V or H output arm. The purity of all polarization states is a function of the

amplitude and phase balance achieved in the two output arms. Studies regarding

the necessary balances for rotatable linear polarization are described in refer-

ence 1 2 . Similar conclusions are obtained when considering arbitrary polarization

states of specified purity.

The circuit of Figure 32 is repeated in Figure 36(A), with the addi-

tional 360-degree phase shifter on one output arm. This circuit may be configured

into a more balanced structure, as shown in Figure 36(B). Phase shifters have

been placed in both arms, and the total required phase shift per device has been

reduced by one-half. Amplitude and phase tracking between output arms should be

much improved, limited only by the tracking of the individual components. Losses

for this circuit depend on the number of bits employed in each phase shifter, and

can be as high as 8 to 10 dR.

3.5 CONCLUSIONS

Microwave circuits may be configured to provide diverse polarizations

from array antennas. However, circuit complexity, cost, and insertion loss in-

crease rapidly with the number of polarization states to be provided. It is most

important to specify polarization requirements carefully to minimize impact on

overall system performance.

12 Maybell, M.J., and Miller, M.D. "A Linearly Polarized Antenna with an
Electronically Agile Polarization Tilt Angle." Raytheon ESD, 20 Mar. 1979.
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SECTION IV

SUMMARY

4.1 PROGRESS MADE

The operational requirements of the 3-D dome antenna were investi-

gated to establish the polarization performance required of the feed array

portion. A trade study was conducted to identify potential candidates for

octave-bandwidth, dual-polarization elements and the accompanying polarization

sensing and agility circuits which meet the required performance.

A typical crossed-slot element was studied to determine its polari-

zation performance over hemispherical coverage. The results show essentially

circular polarization for 0 < 0 < 60 degrees (less than 6-dB axial ratio). The

crossed-notch element was then studied to determine its suitability for broad-

band performance. It was found that predicted pattern nulls would exist at fre-

quencies spaced greater than one octave apart. Thus, the crossed-notch design

can serve as an octave-bandwidth approach, with no null distortions. The crossed-

notch element was selected as the best element for design, fabrication, and test.

Three test pieces were examined.

I. a linear array of crossed-notch elements,

2. noncoincident-crossed-notch (NCN) array, and

3. coincident-crossed-notch (CCN) array.

Tests on these three pieces indicate that:

I. the beamwidth of each is adequate for internal illumination of

the dome surface over the octave bandwidth (Table I);
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2. VP to HP isolation is greater than 20 dB for the NCN

design;

3. VSWR is smooth enough over an octave bandwidth to provide

adequate uniformity of illumination over the dome (the

variation of VSWR with scan angle and frequency is a

concern which should be addressed to widen the bandwidth);

and

4. although the CCN has a broader beamwidth in one polarization,

the NCN is favored because beamwidths of orthogonal polari-

zations more closely aree, making the element more independent

of orientation (if the current deeper dome design is used,

a slightly narrower element beamwidth can be tolerated, and

the NCN design can offer more gain).

Polarization agility circuits were examined to determine the most

suitable approach for the chosen element feed. As could be expected, granular-

ity in polarization-setting ability can be traded off against loss, cost, and

complexity.

4.2 CONCLUSIONS

Use of a deeper-than-hemispherical dome, such as a prolate spheroid,

reduces the scan-angle requirement of the feed array elements. This leads to two

improvements:

1. Feed Array VSWR variation over an octave bandwidth is

greatly reduced for scan angles less than 40 degrees.

2. Im& iL Lumination Is less sensitivi, Lo variations in elemenl

pattern beyond a 45-degree scan angle.
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Alt hough c(mputer-control Ied ci reii t s are iased ini t ei agile iolar I-

zat it)i concept ('scribedI i tItis relx)rt, the com)ip.ni Ly of bhatim s:t ri ng and H
shaping control, multiplied by that of the polarization agility control, would

represent a great increase in complexity over current , simpler phase-shifted

array controls. It is believed that the lens-fed array approach is simpler and

more promising than the totally electronic steering approach for the dome feed,

especially for wide-band and multiple-beam applications.

4.3 RECOMMENDATIONS

The array el icmvnt s exam ii d were proven Lo ii) be ade ita for oetave

bandwidth perfo rmance. It is felt tht t other t, oement s , s ch as the quad-ridge

guide, should be examined [or use in order to avoid tile pattern nulls inherent

in the crossed-notch approach, improve VSWR characteristics, and permit wider-

band operation.

Careful thought should be given to tradeoff of depolarization losses

associated with circularly polarized elements in linearly polarized radiation com-

pared to the RF losses associated with the circuit necessary for agile polariza-

tion. Hardware development of agile polarization circuits and/or concepts is

necessary to establish feasibility and performance characteristics.
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